
Broadband electrical spectroscopy (BES) studies on 
hydroxide-conducting membranes  

 
Vito Di Noto1,2*, Ashley Maes3, Sandra Lavina1,2, Enrico 

Negro1,2, Bryan E. Coughlin4, Andrew M. Herring3, 
Giuseppe Pace5. 

 
1 Department of Chemical Sciences, University of 

Padova, Via Marzolo 1, I-35131 Padova (PD), 
Italy. 

2 Consorzio Interuniversitario Nazionale per la Scienza e 
la Tecnologia dei Materiali, INSTM, Italy. 

3 Department of Chemical Engineering and Petroleum 
Refining, Colorado School of Mines, Golden, CO 80401-

1887 (USA). 
4 Department of Polymer Science and Engineering, 

University of Massachusetts Amherst, 120 Governors 
Drive, Amherst, MA 01003 (USA) 

5 Istituto di Scienze e Tecnologie Molecolari, ISTM-CNR 
and INSTM, Department of Chemical 

Sciences, University of Padova, Via Marzolo 1, I-35131 
Padova (PD), Italy. 

 
Redox flow batteries (RFBs) are an innovative family of 
electrochemical energy conversion and storage devices 
which run by exploiting redox processes of species 
delivered to the system in a fluid form [1]. In general, the 
operation of RFBs is reversible, showing a high roundtrip 
efficiency (up to over 80%) and fast response times; very 
high energy capacities can be obtained (up to the MWh 
scale) [2]. For these reasons, RFBs are attracting a 
considerable attention from both academia and industry as 
an answer to the growing need to develop devices capable 
to store large amounts of electrical power, a fundamental 
requirement for the implementation of next-generation 
“smart grids” [3]. 
 

As of today a wide variety of RFB systems are 
under development, based on different redox chemistries. 
A common feature shared by most RFB families is that 
they include a membrane to separate the anodic and 
cathodic compartments, preventing the intermixing of the 
reactant species. At the same time the membrane must 
allow the selective migration of suitable ionic species, 
necessary to maintain the charge balance during the 
operation of the device [4]. Thus, the development of new 
ion-conducting membranes able to transport the desired 
charged species is one of the most important aspects of 
the research [5]. Furthermore, the complex interplay 
between the chemical composition, structure and 
conductivity mechanism of these innovative membranes 
is still poorly understood. Consequently, it is difficult to 
carry out a rational research effort to obtain membranes 
suitable for applications.  
 

In this work a family of ion-conducting 
membranes based on poly (vinyl benzyl trimethyl 
ammonium)-b-poly (methylbutylene) [PVBTMA-b-PMB] 
block copolymers is considered. The copolymers include 
p-tolyl side groups; the latter are further functionalized 
with trimethyl ammonium groups neutralized by OH- 
anions. Three different membranes are studied, labeled I, 
II and III. Each is characterized by a different degree of 
functionalization (DF) of the p-tolyl groups, as follows: I 
– DF = 42%; II – DF = 63%; III – DF = 81%. The electric 
response of the membranes in the completely hydrated 
form is studied by broadband electrical spectroscopy 
(BES). Results highlight a number of events, indicated as 

σ1, σ2, σ3 and σ4 in Figure 1, associated to different 
polarization phenomena occurring within the materials. 
This behaviour is typical of systems characterized by a 
complex multiphasic nanostructure, including more than 
one domain with different dielectric constants. The 
electric response also evidences some step changes as the 
temperature is varied, which point to significant 
reorganizations in the domain structure of the materials. 
These evidences are studied in detail, allowing to: (a) 
propose a comprehensive model for the long-range charge 
transfer in this family of materials; and (b) elucidate how 
the latter is correlated to the chemical composition and 
nanostructure of the samples. 
 
REFERENCES 
1. C. Ponce de Léon, A. Frias-Ferre, J. Gonzalez-Garcia, 
D. A. Szanto, F. C. Walsh, J. Power Sources, 160, 716 
(2006). 
2. Z. Weber, M. M. Mench, J. P. Meyers, P. N. Ross, J. T. 
Gostick, Q. Liu, J. Appl. Electrochem. 41, 1137 (2011). 
3. B. Dunn, H. Kamath, J. Tarascon, Science 334, 928 
(2011). 
4. M. Skyllas-Kazacos, M. H. Chakrabarti, S. A. 
Hajimolana, F. S. Mjalli, M. Saleem, J. Electrochem. Soc. 
158, R55 (2011). 
5. G. A. Giffin, S. Lavina, G. Pace, V. Di Noto, J. Phys. 
Chem. C 116, 23965 (2012). 
 
  

 
 
Figure 1. 3D surfaces of the real component of the 
conductivity as a function of temperature and 
frequency for the hydroxide-conducting membranes 
based on PVBTMA-b-PMB block copolymers. 
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